Summary. The presence of antibodies to glycosylated albumin was studied by means of a newly developed sandwich enzyme-linked immunosorbent assay in 29 long-standing Type 1 (insulin-dependent) diabetic patients with microvascular complications and in 20 normal subjects. Two types of antibody reactivity were detected. One directed against glucitol-albumin expressing G and M isotypes. The second, predominantly belonging to the IgG class, reacted with an epitope shared by non-glycosylated albumin and the ketoamine adduct of albumin glycosylation. Both types of antibodies, with affinity constant ranging from 104 to 107 (tool/l) -1 were found in normal and diabetic subjects, but higher titres were significantly more prevalent in the diabetic patients. These antibodies may represent the result of immune tolerance breakdown or, alternatively, be natural antibodies. Although their function remains to be established, their raised prevalence in Type I diabetes may be relevant to diabetic microvascular disease.
Nonenzymatic glycosylation of albumin is enhanced in diabetes mellitus [1] . The resulting alteration of molecular structure may render this protein immunogenic. Glycosylated homologous guinea pig low density lipoproteins and albumin as well as glycosylated rat collagen and albumin elicit an antibody response when injected in the same strain of animals [2] [3] [4] . Antibodies against glycosylated low density lipoproteins and other proteins have been described in 4 patients with Type 2 (non-insulin-dependent) diabetes mellitus [5] . Moreover, antibodies against reductively glycosylated albumin, but not other forms of albumin, have been found in normal subjects as well as in another three Type 2 diabetic patients [6] . A recent report using an immunoblotting technique has described IgM autoantibodies against non-glycosylated human serum albumin only in a small proportion of diabetic and non-diabetic subjects [7] .
The pathogenetic role of these autoantibodies in diabetes remains speculative, but they have been implicated in the pathogenesis of diabetic vascular complications [5] . In this respect it is relevant that a pathognomonic feature of microvascular injury in Type 1 (insulin-dependent) diabetes is a linear deposition of albumin, IgM and IgG along capillary basement merebrane of kidney, skin, muscles and other vascular areas [8] . The nature of this phenomenon is not fully elucidated, but it cannot be excluded to be the result of formation of immune-complexes between glycosylated albumin and IgG or IgM.
We have therefore investigated the existence and isotype of antibodies to glycosylated human albumin in Type 1 diabetic patients with established microvascular complications.
Subjects and methods
Twenty-nine long-standing Type 1 diabetic patients (22 M; 7 F) attending the Metabolic Unit at Guy's Hospital were recruited for the study. Their age ranged between 18 and 65 years (mean 40) and duration of diabetes between 14 and 49 years (mean 22) . A whole range of complications was present in these patients; 20 had persistent clinical proteinuria, with concomitant proliferative retinopathy in 15, and background retinopathy in 5 cases. Of the other 9 patients, 5 had proliferative retinopathy and 4 had background retinopathy only. Nine patients also had clinical evidence of rnacrovascular complications including ischaemic heart disease (n =6), cerebrovascular disease (n = 1) and peripheral vascular disease (n =2). None of these patients had liver disease or other non-diabetic medical conditions. Their clinical features are shown in Table 1 . Cardiovascular  retinopathy  retinopathy  nephropathy  complications   t  M  42  29  -+  +  IHD  2  M  55  34  +  -+  -3  M  18  15  -+  +  -4  F  20  18  +  -+  -5  M  48  41  -+  +  -6  M  62  20  -+  +  IHD  7  F  39  18  +  -+  -8  M  51  25  -+  +  IHD  9  M  46  14  -+  +  -10  M  65  20  -+  +  CVD  11  M  18  14  -+  --12  M  32  19  +  -+  PVD  13  M  63  18  -+  +  IHD  14  F  59  49  -+  +  PVD  15  M  35  21  -+  +  IHD  16  M  34  21  -+  +  -17  M  40  21  -+  +  -18  F  23  14  +  ---19  F  32  22  -+  +  -20  M  43  17  -+  --21  M  31  15  -+  --22  M  45  25  +  ---23  M  38  14  -+  --24  F  65  27  +  ---25  F  48  18  -+  +  IHD  26  M  33  14  -+  --27  M  36  27  +  -+  -28  M  24  21  -+  +  -29  M  26 26 + ---IHD = Ischaemic heart disease; PVD = Peripheral vascular disease; CVD = Cerebro vascular disease Twenty healthy subjects recruited from the staff of the Department of Medicine with a similar age (range 22-59, mean 33 years) and sex distribution (14 M: 6 F) served as control subjects.
Blood samples were obtained in the fasting state in a plain tube. Sera were decomplemented by heating at 56~ for 30min, aliquoted and stored at -30 ~ until assayed.
In vitro synthesis of glycosylated albumin
and 20 mmol phosphate per litre of solution, pH 7.4 at 4 ~ C; glycosylated adducts were absorbed on phenylboronic acid-agarose, and so separated from NGHSA, and subsequently eluted according to the method of Mallia et al. [9] . After dialysis against phosphate buffered saline, aliquots were stored at -30 ~ C.
The average extent of glycosylation was assessed by quantitation of residual free amino groups by the trinitrobenzenesulphonic acid method [12] . 1-deoxysorbitol-L-lysine, the putative antigenic determinant of Glc-HSA, was synthesized by the method of Trueb et al. [13] .
To remove any amount of glycosylated protein from commercially available human serum albumin (Behring Institut, Marburg, FRG), this preparation was purified by affinity chromatography by loading 90 mg of the protein onto a glass column 35 cm in length and 16 mm in width, packed with phenylboronic acid-agarose (Glycogel B, Pierce, Chemical Co, Rockford, Ill, USA) [9] . The non-glycosylated human serum albumin (NGHSA) obtained in the non-bound fraction was tested for the presence of any glucose residue by the sensitive 2-thiobarbituric acid reaction assay [10] . NGHSA (30 mg/ml) was incubated under sterile conditions at 37~ for 120h with 100 mmol/1 glucose (British Drug Houses Ltd, Poole, UK) in the absence or presence of the weak reducing agent sodium cyanoborohydride 200 mmol/l (NaCNBH3, Sigma Chemical Co, Poole, UK) to obtain the ketoamine adduct (KAHSA) or the 1-deoxysorbitol (glucitol) adduct (GIc-HSA) respectively. The latter compound is structurally similar to the Schiff base, a labile product that slowly undergoes the Amadori rearrangement to form the ketoamine adduct, a reduced carboimino group being the only difference with the Schiff base. Such modification renders the glucitol adduct chemically stable [11] . After incubation with glucose, the albumin solutions were dialyzed 6 times against 103 volumes of phosphate buffered saline containing 152 mmol sodium, 120 mmol chloride, 4 mmol potassium
Determination of titre and &otype of antibodies to glucitol-albumin
A sandwich ELISA was developed to determine the presence in serum of antibodies to Glc-ttSA.
Polvinylchloride microelisa plates (M129A, Dynatech Laboratories Ltd., Billinghurst, Sussex, UK) were freshly coated with 100 ~tl of GIc-HSA at 0.5 mg/ml in phosphate buffered saline by overnight incubation at 4 ~ In preliminary experiments using 125I labelled Glc-HSA it was shown that, at this Glc-HSA concentration, approximately 200 ng bind to each well.
Plates were then washed three times with 200 ~xl/well of washing buffer containing 0.05% (V/V) polyoxyethylen-sorbitane monolaurate (Tween 20, Sigma) in phosphate-buffered saline.
Decomplemented serum was serially double-diluted from 2-1 to 2 -12 in a solution containing 0.5% Tween 20 and 0.5% non-immune goat serum (Sigma) in phosphate-buffered saline to prevent non-specific binding to residual reactive sites on polivinylchloride wells; 100 Ixl of every dilution were then added in duplicate to Glc-HSA coated wells and incubated for 60 min at 4 ~ After washing, horseradish peroxidase conjugated rabbit antitotal human immunoglobulins (Dako Ltd, High Wycombe, Buckinghamshire, UK) was used to detect Glc-HSA bound immunoglobulins; human heavy chain (c~, y and ~x) specific horseradish peroxidase conjugated rabbit antisera (Dako Ltd) were used to identify the isotype(s) of Glc-HSA bound immunoglobulins.
In all experiments 100 .ul of peroxidase conjugated antibody diluted 10 -3 in phosphate buffered saline containing 0.5% Tween 20 and 0.5% non-immune goat serum were added to each well and incubated for 60 min at 4 ~ C.
After further washing, 100 ~1 of peroxidase substrate H202, freshly made up to a final concentration of 0.12vols/1 in citrate/phosphate buffer, pH 5.0 at room temperature, containing 0.04% O-phenylenediamine (Sigma) as chromogen, was added to each well and incubated for 30 min at room temperature. The enzymatic reaction was stopped by adding 50 lxl of 4 mol/l H2SO 4 and optical density measured at 492 nm wavelength by a Titertek Multiskan MC microplate reader (Flow Laboratories, Rickmansworth, Hertfordshire, UK).
In every experiment, series of wells were coated with a solution containing 0.5% Tween 20 and 0.5% non-immune goat serum in phosphate buffered saline; the binding of serum samples to these wells provided the non-specific binding. Since the non-specific binding can vary with the immunoglobulin concentration of the sample, both specific and non-specific binding were measured for every sample dilution. Titre was defined as the reciprocal of the highest dilution at which the specific to non-specific binding ratio was greater than 2.
Determination of binding specificity lated proteins were tested by similar competitive-inhibition ELISAs, measuring the displacement of solid-phase Glc-HSA bound IgG by increasing concentrations of NGHSA, KAHSA, bovine serum albumin (BSA, Sigma) and 1-deoxysorbitol-L-lysine. In these experiments maximum free antigen concentration (B4) was 862 ~xg/ml for GIc-HSA, 349 ~tg/ml for KAHSA, 662 ~tg/ml for NGHSA and 683 ~tg/ml for bovine serum albumin. The concentration of glucitollysine was adjusted to reproduce the content of glucitol moieties per molecule of Glc-HSA.
Binding specificity of normal and diabetic samples was further analysed using solid-phase NGHSA and KAHSA as antigens in a competitive-inhibition ELISA. Purified IgG fractions were incubated with 1 mg/ml of NGHSA or KAHSA in fluid phase for I h at 4 ~ and then tested against the homologous antigen in solid-phase. IgG fractions incubated with NGHSA in fluid phase were also tested against KAHSA in solid-phase. IgG bound to their antigen were revealed by ELISA using horseradish peroxidase conjugated rabbit anti human y-chain antiserum.
IgG and IgM binding to non-glycosylated albumin and ketoamine albumin
The prevalence of IgG and IgM anti-NGHSA and anti-KAHSA was investigated at a single 1:32 serum dilution. The dilution 1:32 was selected on the basis of preliminary observations suggesting a higher frequency of non-specific binding at lower dilutions. Each sample was incubated in wells coated either with NGHSA or KAHSA, using the sandwich ELISA. Results are presented as distribution of specific to non-specific binding ratios.
To assess whether binding to the antigen-coated wells was due to antibody, IgG fractions from all diabetic and control sera with titre exceeding 256 (n = 10, 5 Type 1 diabetic patients, 5 control subjects) and from 4 low titre ( < 4) sera (2 Type 1 diabetic patients, 2 control subjects) were separated by ion-exchange chromatography on DEAE-Sephacel column (20 x 100 mm) (Pharmacia, Uppsala, Sweden); the gel was equilibrated with sodium phosphate buffer 0.01 tool/l, pH=7.95 at room temperature and serum aliquots (less than 10% of gel volume) were applied in each case. IgG containing eluates were then concentrated to the original sample volume using a Minicon B15 concentrator (Amicon Corporation, Danvers, Mass, USA). IgG concentration was measured by radial immunodiffusion (NOR-Partigen plates, Behring Institut, Marburg, FRG), while IgG purity was checked and confirmed by double immunodiffusion using sheep anti-human total serum and anti-human IgG, IgM, IgA, C3, C4 (Unipath, Bedford, UK) and rabbit anti-human serum albumin (Dako Ltd).
Binding specificity was tested by competitive inhibition assays. To perform all competition experiments IgG fractions from each subject were diluted in phosphate buffered saline containing 0.5% Tween 20 and 0.5% non-immune goat serum; at the final dilution the specific to non-specific binding ratio always exceeded 5. Aliquots of 500 ~tl of IgG preparations were incubated in liquid phase with four increasing serial 1:10 antigen (Glc-HSA at coating concentration) dilutions (B1-B4) or with buffer only as control (Bo) in plain polypropilene test tubes at 4 ~ for 60 min. 100 ~1 of each antigen antibody mixture were then added to Glc-HSA coated wells and incubated for 60rain at 4 ~ after washing 3 times, horseradish peroxidase conjugated rabbit anti-human Y chain was added to detect solid-phase bound antibodies. All samples were tested in quadruplicate.
The optical density which develops in the absence of competitor Bo depends on the absolute amount of IgG that has bound to Glc-HSA coated wells. This may be different from subject to subject depending on antibody affinity and dilution factor; thus, in order to compare curves from different subjects, results were plotted considering each point as a percentage of maximum binding (B/Bo plot).
The epitopic specificity and the possible cross-reactivity with re-
Antibody affinity
Apparent affinity constant (Ka) was determined using the competitive inhibition ELISA, from the reciprocal of liquid-phase antigen concentration capable of inducing 50% antibody binding displacement [14] .
Glyeosylation of lgG fractions
Nonenzymatic glycosylation of immunoglobulins could theoretically affect their binding affinity and/or their detection by anti-human Ig in solid-phase assays. We therefore glycosylated the IgG fractions from the sera of 5 normal subjects by incubation at 37 ~ for 5 days in the presence of different glucose concentrations (5, 10, 20 and 100 mmol/1). Aliquots of each incubate were then tested for binding to Glc-HSA and NGHSA by ELISA.
Statistical analysis
Differences between groups were assessed by unpaired non-parametric tests (Mann-Whitney). Association between variables was evaluated by linear regression analysis.
Results

Albumin glycosylation
The average intramolecular glycosylation of Glc-HSA was 50%, as indicated by a 50% derivatization of lysine residues in the trinitrobenzenesulphonic acid assay.
Phenylboronic acid affinity chromatography demonstrated that 100% of the albumin molecules were glycosylated. Preparation of KAHSA after purification and dialysis contained 55% glycosylated albumin molecules with an average extent of lysine derivatization of 4%. Non-glycosylated albumin, obtained as the unbound fraction, after elution of a commercial albumin preparation from a phenylboronic acid agarose affinity chromatography column, showed virtually no release of 5-hydroxymethylfurfural after acid hydrolysis, using the 2-thiobarbituric reaction assay. Under our experimental conditions this indicates an average intramolecular glycosylation of less than 1% and suggests that virtually all of the glycosylated albumin was removed by phenylboronic acid affinity chromatography. Figure 1 shows the serum total immunoglobulin binding to GIc-HSA in diabetic and control subjects. Titres ranged from 2 to 4096 in both groups, but their frequency distribution was strikingly different. Type 1 diabetic patients showed significantly higher titres than control subjects (p < 0.01). The presence of these antibodies was not related to age, degree of proteinuria or macrovascular disease. The immunoglobulin isotype of the antibody was evaluated in all sera with a titre of 32 or more (8 control subjects and 25 Type 1 diabetic patients). IgG and/or IgM antibodies against Glc-HSA were present in all sera. IgG and IgM titres were consistent with, and significantly related to, the binding titre of total immunoglobulins. The regression lines are described by the following equations: Log IgG titre=l.016 (Log total Ig titre)-0.496; (r = 0.933; p < 0.001). Log IgM titre = 0.892 (Log total Ig titre)+0.570; (r=0.950; p<0.00i). Low titres of IgA antibodies to Glc-HSA (32, 32 and 64) were found in 1 normal subject and 2 Type 1 diabetic patients only; these three subjects showed also IgG and IgM antibodies to Glc-HSA (Table 2) . a Final IgG dilution in each assay expressed as a ratio of original serum IgG concentration. Type 1 = Type 1 (insulin-dependent) diabetic patients; N = Normal subjects; SB/NSB = Specific/non specific binding ratio of IgG fractions at the given dilution (see text for details); OD = Optical density; Bo = Binding of IgG in the absence of competitor; B1-B4 = Binding of IgG at increasing competitor (Glc-HSA) concentration (serial 1 : 10 dilutions). Each value is the mean of four replicates; non specific binding was subtracted from all optical density values; Subject no. is the same as in Table 1 for the diabetic patients. Normal subjects are identified by a capital letter 
Titre and immunoglobulin isotype
Determination of binding specificity and cross-reactivity
IgG fractions obtained from the 10 high titre samples were found to bind to Glc-HSA coated wells. This binding was significantly displaced by an excess of fluid phase antigen in a competitive inhibition ELISA (Table 3) . IgGs from the 4 low titre sera did not show a significant binding to Glc-HSA, the specific to nonspecific binding ratio being less than 2.
Cross-reactivity, tested using IgGs purified from the 5 control and 5 diabetic high titre sera, showed two distinct patterns. In 4 normal subjects and 1 Type 1 diabetic patient the binding to Glc-HSA was similarly displaced by increasing amounts of Glc-HSA and glucitollysine, but not by NGHSA or KAHSA (Fig.2A , Table 4A ; Type 1 reactivity). In 1 normal subject and 4 Type 1 diabetic patients the binding to Glc-HSA was 643 displaced by increasing amounts of Glc-HSA, but also by NGHSA and KAHSA (Fig. 2 B, Table 4 B; Type 2 reactivity). The addition of glucitollysine resulted in no displacement in the normal subject and in 2 Type 1 diabetic patients, but gave a partial binding displacement (40%) in the other 2 Type 1 diabetic patients (no. 3 and 4, Table 4B ). When NGHSA and KAHSA were used as solid-phase antigens, results consistent with these findings were obtained. IgG fractions from sera with type 2 reactivity to Glc-HSA bound to solidphase NGHSA and KAHSA, and the binding was displaced by the homologous antigen in liquid phase at a concentration of 103 rag/1. IgG fractions from sera with type 1 reactivity to Glc-HSA bound to NGHSA and KAHSA to a much lesser extent as expected, even though some degree of specificity for NGHSA was visible (Table 5 ). In further cross-reactivity experiments it was shown that the binding to solid-phase KAHSA by antibodies with type 2 reactivity was significantly (p<0.01) displaced by NGHSA in fluid phase at a concentration of 103 mg/l (Fig. 3) .
Bovine serum albumin did not significantly compete for binding of IgG fractions to Glc-HSA ( Fig. 2A  and B) or NGHSA and KAHSA. Glycosylation of IgG fractions from sera of normal subjects did not produce an increase in binding to any of the antigens tested.
IgG and IgM binding to non-glycosylated albumin and ketoamine albumin
IgG bound significantly to the antigen, as shown by a specific to non-specific binding ratio greater than 2, in 18 out of 20 normal subjects and 27 out of 29 Type 1 diabetic patients for NGHSA and in 19 out of 20 normal subjects and 27 out of 29 Type 1 diabetic patients for KAHSA.
IgG binding to NGHSA was higher in Type 1 diabetic patients (median = 2.8 ; range = 1.54-4.53 ; n = 29) than in the normal subjects (median = 2.3; range = 1.78-4.44; n=20; p<0.05). Binding to KAHSA, though higher in Type1 diabetic patients (median=2.8; range 1.44-4.68; n=29) than in normal subjects (median = 2.4; range = 1.90-3.52; n = 20) did not achieve conventional significance (p = 0.07). However, when calculations were performed considering only samples showing significant binding (i. e. specific to non-specific binding ratio greater than 2, see Methods section) the difference between normal subjects and Type 1 diabetic patients was significant for both NGHSA (normal subjects: median=2.4; range= 2.10-4.44; Type1 diabetic patients: median=2.84, range=2.10-4.53; p<0.05) and KAHSA (normal subjects: median = 2.45, range = 2.06-3.52; Type 1 diabetic patients: median = 2.96, range = 2.02-4.68; p < 0.05).
IgM displayed a significant binding (i. e. a specific to non-specific binding ratio greater than 2) in a small- Table 4 . Competitive inhibition ELISA. Cross-reactivity of anti GIc-HSA IgG with nonglycosylated human serum albumin (NGHSA), ketoamine albumin (KAHSA) and l-deoxysorbitol-L-lysine (glucitol-lysine) in 5 normal subjects (N) and 5 Type 1 (insulin-dependent) diabetic patients Panel A: Subjects with no cross-reactivity with NGHSA and KAHSA-Type I reactivity; Panel B: Subjects with cross-reactivity with NGHSA and KAHSA -Type 2 reactivity Subject identification is the same as for Table 3 . Results are the mean of four replicates. Non-specific binding was subtracted from each value.
Results were obtained from a single plate for each subject. Bo = IgG binding to solid-phase Glc-HSA in absence of liquid phase competitor; B1 4 = IgG binding to solid-phase Glc-HSA at increasing amounts of different competitors in liquid phase (serial 1:10 dilutions); OD = Optical density Bo = Binding of IgG fractions to solid-phase NGHSA or KAHSA, in the absence of competitor. B = Binding of IgG fractions to solid-phase NGHSA or KAHSA in the presence of NGHSA or KAHSA respectively in fluid phase at a concentration of 103 mg/1. Purified IgG concentration and (SB/NSB) specific to non-specific binding ratio; see Table 3 for details. Subject identification is the same as in 
Antibody affinity
The affinity constant (Ka) determined using IgG fractions from the 10 high titre sera, ranged from 104 to 107 (mol/1)-1 for Glc-HSA, NGHSA and KAHSA. These ranges were similar for normal subjects and Type 1 diabetic patients.
Discussion
In this study we document the presence of antibodies to glucitol-albumin in Type I diabetic patients. These antibodies mainly showed a G and/or M isotype, only rarely belonging to the IgA class. There was a similar proportion of IgG and IgM class antibodies in our series and this is partly at variance with previous studies reporting a rather lower proportion of G isotypes [5] [6] [7] . Serum of normal subjects also shows a binding to glucitol-albumin. This has been also reported by Nakayama et al. [6] who, however, found no difference in antibody titre between normal subjects and Type 1 diabetic patients; in our study the average titre in normal subjects was lower and the frequency distribution different than in Type 1 diabetic patients. Furthermore, the epitopic specificity of the IgG bound to glucitol-albumin was heterogeneous. Antibody with type 1 reactivity specifically recognised the glucitol moiety, being displaced by glucitol-albumin and glucitollysine, but not, to any relevant extent, by ketoamine-albumin or nonglycosylated albumin. However, a weak specific binding to NGHSA was detected when NGHSA was used as solid-phase antigen. The characteristics of this antibody were similar to those described by Witztum et al. [5] and by Nakayama et al. [6] for anti-glucitol LDL and anti-glucitol albumin antibodies, respectively, and are also consistent with the type of anti-glycosylated collagen antibodies reported in the experimentally diabetic rat [3] . Glucitol adducts of proteins have not been shown to occur in vivo, but it is possible that the immunogenic stimulus is provided by the labile, short lived open-chained ketoamine adduct; experiments in the guinea-pig with glycosylated LDL would support this interpretation [2] . The antibody with type 2 reactivity seemed directed to determinants of the albumin molecule other than glucitol, as suggested by its full cross-reactivity with NGHSA and KAHSA and by the relative failure of glucitol-lysine to compete for its binding. This antibody was found to bind to solid-phase NGHSA and KAHSA and was displaced by the homologous antigen in the liquid phase. Cross-reactivity experiments indicate that the epitope recognised is shared by both NGHSA and KAHSA. The inability to detect an antibody specifically directed against KAHSA does not exclude the possibility that glucose modified albumin is the trigger of the immune response against the albumin molecule. In this respect:, interestingly, the levels of IgG isotype antibodies to NGHSA and KAHSA were higher in Type 1 diabetic patients than in normal subjects. This finding suggests that chronic stimulation by antigenically modified albumin may be responsible for an established secondary immune response. The low levels of IgM isotype antibodies and the lack of difference between normal subjects and Type 1 diabetic patients are consistent with this interpretation. Our results regarding IgM antibodies are in accord with the report by Gregor et al. [7] who, using a qualitative technique, demonstrated IgM antibodies to non-glycosylated human serum albumin in a small percentage of diabetic patients and normal subjects. However, we could not confirm the higher frequency in Type i diabetic patients. Antialbumin antibodies have been described in chronic liver disease [15] , prolonged nitrofurantoin administration [16] and in cryoglobulinaemia [17] . None of these conditions was present in our subjects. In vitro glycosylation of IgG fractions from normal subjects did not result in an increased affinity either for glucitol-albumin or for nonglycosylated albumin, thereby excluding the possibility that the higher titres more frequently observed in the diabetic patient sera were due to the higher degree of IgG glycosylation.
The antibodies described here may represent the result of immune tolerance breakdown or they may be natural antibodies [18, 19] as their presence in normal subjects and relatively low affinity would suggest. Rabbits rendered tolerant to bovine serum albumin lose their state of tolerance when exposed to chemically altered preparations of this protein [20] ; structural alterations produced in the albumin molecule by nonenzymatic glycosylation might explain the production of anti-albumin antibodies.
Grabar has consistently reported the presence of antibodies to serum proteins in normal subjects, and their occurrence is currently more frequently recognised because of the widespread use of sensitive detection techniques [21] . Pools of sera from normal human subjects were shown to contain antibodies to several autoantigens, including serum albumin [22] . Natural antibodies would have a "scavenger" function in clearing and/or transporting metabolic products [23, 24] . An increased load of glycosylated proteins in diabetic patients may result in an enhanced production of specific antibodies. Interestingly, natural antibodies to other carbohydrate moieties of proteins have been described by Sela et al. [25, 26] . The binding of antibodies to proteins, whether circulating or bound to basement membranes, would lead to increased formation of immune complexes, either in the circulation or in situ. This potentially damaging phenomenon has been described in diabetes [27, 28] . Although the pathophysiological relevance of these antibodies remains to be elucidated, their presence may explain, at least in part, the finding of significantly greater amounts of albumin and immunoglobulins in glomerular and other capillary vessel walls in diabetic patients with micro-angiopathy [8] . Whether these antibodies play a role in the pathogenesis of capillary basement membrane disease [29] must, at present, remain an open question.
